ABSTRACT BACKGROUND Research suggests cardiovascular and metabolic diseases are influenced by psychological distress in
Childhood psychological distress is commonly characterized as internalizing (e.g., depression, anxiety) and externalizing (e.g., inattention, impulsivity) symptoms. Given that most prospective cohorts with psychological measures obtained early in life are still too young to present with clinical disease endpoints, researchers have looked to biomarkers as indicators of subclinical disease (5, 6) . Components of cardiometabolic dysregulation (e.g., hypertension, dyslipidemia) tend to cluster, and combining information from a range of biomarkers of CMR appears to improve prediction of who is at risk of developing manifest disease (7) .
The strongest evidence linking distress to CMR is from studies of depression and inflammatory markers (8) ; however, much of this work is cross-sectional.
One prospective study found that poor emotional functioning assessed at age 7 years was associated with higher C-reactive protein at age 42 years (9) . It remains unclear whether cardiometabolic alterations may result from childhood-limited exposure alone or whether they are due to more chronic exposure with distress across the life course. The goal of the present study was to assess whether life course patterns of psychological distress assessed at childhood and into adulthood predict biomarkers of CMR in adulthood, using longitudinal data from the 1958 British Birth Cohort Study. We specifically evaluated whether effects of distress on CMR remained evident when distress appeared to be remitted by adulthood and whether effects of sustained distress differed from more limited exposure. Given that childhood social and health conditions may be a previous common cause of both distress and elevated CMR, we adjusted for relevant childhood covariates (e.g., socioeconomic position, physical health status). Cohort Study and biomedical survey are described in detail elsewhere (11, 12) .
The eligible sample comprised the 8,200 participants who provided a viable blood sample and blood pressure measure at the biomedical assessment. We excluded participants who had missing or invalid data on any of the 9 biomarkers of interest (n ¼ 1,068) and those who had no measures of distress in either childhood or adulthood (n ¼ 418), leaving an analytic sample of 6,714 cohort members. (Figure 1 is a flow chart of sample selection and exclusions.) Compared with those excluded from the full biomedical sample, those in the analytic sample were similar, yet had slightly higher cognitive ability and lower weight in childhood and slightly higher socioeconomic position (SEP) and physical activity frequency in adulthood.
MEASURES. Childhood psychological distress was ascertained from internalizing and externalizing symptoms assessed at ages 7, 11, and 16 years. At ages 7 and 11 years, psychological distress was assessed using the validated teacher-rated Bristol Social Adjustment Guide (13) . The 146-item Bristol Social Adjustment Guide measures a number of "syndromes," representing externalizing and internalizing symptom clusters. Following previous work in this cohort (14), we assessed internalizing symptoms by combining items included in 3 relevant syndromes: depression; withdrawal; and unforthcomingness (referring to timidity). We assessed externalizing symptoms by combining items capturing 6 relevant syndromes: restlessness; inconsequential behavior (referring to attentional issues and misbehavior); hostility toward children; hostility toward adults; anxiety about acceptance by children; and anxiety about acceptance by adults (the latter 2 referring to inappropriate interpersonal self-regulation). Items included on each of the syndrome subscales were coded as "yes" ¼ 1 or "no" ¼ 0, and these were summed to yield a continuous internalizing (range 0 to 30) and externalizing (range 0 to 45) score at both time points. In the available sample at each wave, Cronbach alphas assessing internal consistency reliability were 0.64 at age 7 and 0.63 at age 11 years for internalizing subscales, and 0.75 at age 7 and 0.74 at age 11 years for externalizing subscales.
At age 16 years, psychological distress was assessed using the teacher version of the Rutter Behaviour Scale (15), a 26-item questionnaire designed to measure externalizing and internalizing symptoms. At each age in childhood (7, 11 , and 16 years), we created binary internalizing and externalizing variables (high/low). Scores in the top 13% were defined as "high," which is consistent with other work Distress and Cardiometabolic Risk (13, 14, 16 rate; and systolic and diastolic blood pressure (both averaged across 3 measurements). Biomarkers were assessed using standard laboratory and clinical procedures, described in detail in the biomedical survey user's guide (19) . For each biomarker, we created a standardized z-score and then summed the 9 biomarker scores to create a total CMR score, with higher scores indicating greater cardiometabolic dysregulation. We standardized the CMR summary score so that regression estimates could be interpreted in units of the population SD of CMR.
For sensitivity analyses, we created an alternative "high risk" cardiometabolic score, where we tallied the number of biomarkers that met clinically defined criteria for ''high risk," thereby creating a score that ranged from 0 to 9 (20) . The frequency of "high risk" levels for the biomarkers ranged from approximately 3% (for HbA1c) to 36% (for total cholesterol). (assessed using a using a 10-problem arithmetic test (22) We also ran regression models using continuous summary measures of child, adult, and lifespan psychological distress, to test the hypothesis that greater distress at each time period was associated with greater CMR in a monotonic fashion. Child, adult, and lifespan distress were entered into each model separately, with variable sets as previously specified. In a final set of models, child and adult distress were entered simultaneously. There was no significant effect of the interaction between child and adult psychological distress on the CMR score, so we do not report on this further.
For sensitivity analysis, each biomarker was tested as an individual outcome, to determine which, if any, components of the CMR score were particularly sensitive to the psychological distress profiles. We also examined the impact of distress profiles on our alternative "high risk" measure of CMR. Finally, all primary analyses were repeated with those participants who completed psychological measures at all 6 waves (n ¼ 3,434).
Multiple imputation, using the Markov Chain
Monte Carlo method (26) , was used to impute missing covariate values. The proportion of missing covariates ranged from 0% for sex to 18% for body weight at age 7 years, with most covariates missing <5% of observations. Results were similar with and without imputations. The greatest source of missing data was due to participant attrition. Thus, to minimize potential bias, we conducted inverse probability weighted analyses by weighting key factors associated with attrition: male sex; lower SEP at birth; lower cognition (math and reading scores) at age 7 years; and higher internalizing and externalizing symptoms at age 7 years (10).
All analyses were performed using SAS software (version 9.3, SAS Institute, Inc., Cary, North Carolina).
Access to the data, including a special license agreement for use of biomedical data, was granted by the Values are n (%) and are presented before using multiple imputation techniques to impute missing covariate values. Therefore, counts for the covariates will not equal the sample total in cases where values were missing. Chi-square compares differences in covariates by psychological distress profiles.
Prof ¼ professional; SEP ¼ socioeconomic position. Distress and Cardiometabolic Risk RESULTS SAMPLE CHARACTERISTICS. The sample had an approximately equal proportion of male and female subjects ( Table 1) . At birth, most respondents had a father with an occupation classified as skilled manual (48.9%), and <5% of respondents were of low birth weight. By age 7 years, 6.6% of respondents had experienced physical health problems, and at age 7 years, 4.9% had low math scores, 6.7% had low reading scores, and 9.4% were overweight. All covariates were significantly associated with the psychological distress profiles. SE ¼ 0.04, p < 0.0001) had significantly higher CMR scores, in sex-adjusted models ( Table 2) . Adjusting for the other childhood covariates in addition to sex somewhat attenuated these estimates, but all associations remained significant (Central Illustration).
On average, people with persistent distress had a one- S e n s i t i v i t y a n a l y s e s . The same trends, though generally weaker, were evident when considering each biomarker as a separate outcome; however, psychological distress was not associated with blood pressure ( Table 4) . Using the "high risk" cardiometabolic score instead of the CMR z-score yielded similar results, though only those with persistent distress had significantly greater "high risk" cardiometabolic scores in the fully adjusted model (Online Table 1 The model is adjusted for all childhood covariates: sex, socioeconomic position, low birth weight, math score, reading score, overweight, and physical health problems. *p < 0.01; **p < 0.001; ***p < 0.0001. CMR ¼ cardiometabolic risk; SD ¼ standard deviation. Child score is the standardized average psychological distress score across waves 1 to 3 (ages 7 to 16 years). Adult score is the standardized average psychological distress score across waves 4 to 6 (ages 23 to 42 years). Lifespan score is standardized average psychological distress score across waves 1 to 6 (ages 7 to 42 years). Higher scores indicate more distress. Child, adult, and lifetime scores were entered into the models separately (i.e., they are not simultaneously adjusting for each other). Model 1 adjusts for sex; model 2 adjusts for sex and child covariates (SEP, LBW, low math score, low reading score, overweight, and physical health problems); and model 3 adjusts for sex, child covariates, and adult covariates (medication use, SEP, smoking, physical activity, and healthy diet).
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